There are a number of nuclear enzymes that bind nicotinamide, thymidine or nucleotides. We use this fact to prepare affinity columns for the purification of nuclear enzymes. In particular the nuclei of eukaryotic cells have an enzyme that catalyses the synthesis of the homopolymer poly(ADP-ribose) from NAD.
There are a number of nuclear enzymes that bind nicotinamide, thymidine or nucleotides. We use this fact to prepare affinity columns for the purification of nuclear enzymes. In particular the nuclei of eukaryotic cells have an enzyme that catalyses the synthesis of the homopolymer poly(ADP-ribose) from NAD.
Isolation and partial purification has been achieved (Yamada et al., 1971 ; Ueda et al., 1975; Yoshihara, 1972) .
Nicotinamide and thymidine are potent inhibitors of the enzyme activity. We have therefore prepared nicotinamide and thymidine analogues that are suitable for attachment to Sepharose and have tested both analogues in affinity chromatography.
Dextran Blue coupled to Sepharose has been used for the isolation and purification of NAD-linked dehydrogenases (Ryan & Vestling, 1974; Thompson et al., 1975) . The Dextran Blue chromophore has a structure similar to NAD (Thompson et a!., 1975) . We have investigated the use of Dextran Blue coupled to Sepharose for affinity chromatography of poly(ADP-ribose) polymerase.
Preparation of analogues
(a) Thymidine was 3-carboxymethylated by refluxing with potassium chloroacetate at pH 10 for several hours till there was no further change in pH. Thereaction mixture was purified by chromatography on a Dowex 1 (X8; acetate form) column (10cmxlcm). Unreacted thymidine was eluted with water and then the 3-carboxymethylthymidine was eluted with 1.3 M-fOrmiC acid, pH2.0. Carboxymethylthymidine hydroxysuccinimide ester was then made by condensation in dimethoxyethane with dicyclohexylcarbodiimide. The ester was treated with a fivefold molar excess of diaminopropane to form thymidine-3-acetamidopropylamine (I). This product was purified by repeated t.1.c. on preparative silica-gel plates with 1 M-NaCl as solvent.
(b) 1-Carboxyethylnicotinamide iodide was made by refluxing nicotinamide with iodopropionic acid in methanol for 48h. The product was precipitated by the addition of diethyl ether. The I-was replaced by CI-by chromatography on Dowex 1 (XS; C1-form). The 1-carboxyethylnicotinamide chloride was coupled to diaminopropane dihydrochloride in water by using the water soluble 3-(dimethylamino)propylethylcarbodi-imide at pH7.0 and 25°C for 24h. The product, which was the C1-salt of nicotinamide-1-propylamidopropylamine hydrochloride (11), was purified by preparative t.1.c. first on silica-gel plates, with 1 M-NaCl as solvent, and then on alumina plates, with methanol. Fig. 1 . Purification from the nicotinamide-analogue column Pig thymus nuclei were extracted with lWm-Tris/HCI (pH 8.4)/0.5~-NaCl. Chromatin extract (5ml) was treated with 1500 units of micrococcal nuclease in the presence of 2m~-CaCl, at 37°C for 30min and with 9600 units of deoxyribonucleotidase I in the presence of 5m-MgC12 at 25°C for 30min. The digest was then diluted (1 : 10) with 100mM-Tris/HCI, pH 8.4/2m~-dithiothreitoI/5m~-MgC1, to lower the salt concentration and centrifuged at 3500rev./min for 10min. The supernatant (5Oml) was applied to the nicotinamide analogue-Sepharose column (1 cm x 10cm) and eluate was collected. The column was washed with 15ml of buffer and a (MSM-NaCI gradient (in the same buffer) was applied. Fractions (3ml) were collected and the enzyme activity (0), salt concentration ( 0 ) and protein concentration (v) of each fraction was measured.
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Preparation of affinity columns
The Dextran Blue, thymidine and nicotinamidt analogues were coupled to CNBractivated Sepharose 4B, and then the columns were thoroughly washed as recommended by the suppliers Pharmacia (G.B.) Ltd., London W.5, U.K. The amount of ligand coupled to the column was determined.
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Fig. 2. Purification from the Dextran Blue column
The enzyme extract was prepared as described in the legend to Fig. 1 . The superns ant (50ml) was applied to the Dextran Blue-Sepharose column (1 cm x 1Ocm) and eluate was collected. The column was washed with 15ml of buffer and a 0-0.5M-NaCI gradient (in the same buffer) was applied. Fractions (3ml) were collected and the enzyme activity (o), salt concentration ( 0 ) and protein concentration (v) of each fraction was measured.
Isolation andpurification of the enzyme
Nuclei were isolated from pig thymus by extracting with 0.32~-sucrose/3m~-MgCI,, filtering through muslin, collecting crude nuclei by a low speed centrifugation and then purifying the nuclei by centrifugation through 2.2M-SUCrOSe/3 mM-MgC1, at 22000 rev./min for 1 h in a Spinco model L centrifuge. The enzyme was extracted from the nuclei with buffered 0.5~-NaC1 and the supernatant, after centrifugation at 45000 rev./min for 1 h in an M.S.E. 50 centrifuge, contained the enzyme. The enzyme extract was treated with micrococcal nuclease at 37°C for 3Omin and then with deoxyribonuclease I at 25°C for 30min. The digest was then diluted 10 times with buffer and applied to a column (1 cmx 1Ocm) of each of the three compounds.
Both the nicotinamide analogue-and Dextran Blue-Sepharose columns gave satisfactory purifications. The results for the nicotinamide column are shown in Fig. 1 . The nicotinamide column gave a purification of 85-fold and the Dextran Blue %-fold (Fig. 2) . The thymidine column did not seem to bind the enzyme. In each case more than 100% recovery of enzyme activity was observed; this suggests that we are separating out an enzyme inhibitor.
The nicotinamide and thymidine columns will be of use to those interested in a variety of other metabolic pathways. Since poly(ADP-ribose) polymerase uses NAD as its sole substrate, it is to be expected that it would bind to Dextran Blue; DNA polymerase also binds to this dye and therefore this column should be of use in the purification of DNA polymerase and perhaps other DNA replicating enzymes. Histidinol is an amino acid analogue that competitively inhibits attachment of histidine to its tRNA. It produces effects on polyribosomal structure and function in normal human fibroblasts and in HeLa cells analogous to those produced in such cells by deprivation for single amino acids (Vaughan & Hansen, 1973) . The inhibition of protein synthesis caused by single essential amino acids or by the inhibitor in these cells is principally due to a decrease in the rate of polypeptide-chain initiation, and it has been shown that this inhibition of initiation is definitely correlated with the appearance of uncharged tRNA in HeLa cells treated with histidinol. 
